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,QWURGXFWLRQ
3URWHFWHGDUHDVIRUYHJHWDEOHFXOWXUHHQVXUHIDYRUDEOHFRQGLWLRQVIRULQVWDOOLQJSHVWVXFKDVPLWHVWULSVDSKLGV
ZKLWHIO\WRPDWRIUXLWPLQLQJPRWKHWF$VDUHVXOWRIWKHDWWDFNVRIWKHVHSHVWVWKHSODQWVVXIIHUYDULRXVPRUSKR
SK\VLRORJLFDODQGELRFKHPLFDOPRGLILFDWLRQVLQIOXHQFLQJFRQVLGHUDEO\WKHSURGXFWLRQFDSDFLW\DQGKDUYHVWTXDOLW\
EXW WKH XVLQJ WKH ELR IHUWLOL]HUV HQVXUH D JRRG WROHUDQFH DW SHVWV 9ODKRYD 9 3RSRY9  ,Q WKLV FRQWH[W
SRVVLELOLWLHV WR FRPEDW WKH&DOLIRUQLDQ WULSV Frankliniella occidentalis3HUJ DQGFRPPRQ UHGPLWH Tetranychus 
urticae.RFKWKURXJKELRORJLFDOPHWKRGVZHUHVWXGLHG%LRORJLFDOFRPEDWZLWKWKHXVHRI]RRSKDJHVFDQEHPDGH
E\XVLQJSUHGDWRUVELRSHVWLFLGHVDQGSDUDVLWHVWKDWDUHGRPHVWLFRULPSRUWHGIURPRWKHUFRXQWULHV)DWX$&
+R]D*K'REULQ,
7KHUHGPLWHTetranychus urticae.RFK±$FDULTetranichidaeLQVWDOOVRQSHSSHUFXOWXUHVIURPWKHPRPHQWRI
SODQWLQJDQGFDQVWD\XQWLOKDUYHVW7KHDGXOWVFRORQL]HWKHORZHUSDUWRIOHDYHVDQGWKHIORUDOEXWWRQVWKHSUHVHQFH
RIWKHSHVWEHLQJPDQLIHVWHGWKURXJKGLVFRORULQJRIWKHOHDYHVDQGIORUDOEXWWRQVUHVXOWLQJLQWKHLUDERUWLRQ3DVRO3
HWDO<RXQJSHSSHUSODQWVKDVD ORZUHVLVWDQFH WR WKHDWWDFNVRIPLWHVDKLJKGHQVLW\RISHVWV OHDGLQJ WR
FRPSURPLVLQJ WKHFXOWXUH &RVV 5RPHURDQG3HQD -RYLFLFKHWDO8VLQJ WKH VSHFLHVPhytoseiulus 
persimilis$WKLDV+HQULRW$FDULPhytoseidaeLQFRPEDWLQJWKHUHGPLWHUHGXFHVWKHDWWDFNRQWKHFXOWXUHHQVXUHV
KHDOWK\SURGXFWVDQGUHGXFHVWKHH[SHQVHVZLWKSODQWSURWHFWLRQ
7KH&DOLIRUQLDQ WULSV Frankliniella occidentalis 3HUJ 7K\VDQRSWHUD ±Thripidae LV D SRO\SKDJRXV VSHFLH WKDW
DWWDFNQXPHURXVYHJHWDEOHDQGIORUDOSODQWVWKHLUQXPEHUEHLQJGLIIHUHQWHQRXJKE\DXWKRUVVSHFLHVRISODQWV
RXWRIERWDQLFDOIDPLOLHV*HRUJHVFX05RPDQEDQGDERXWSODQWV3HUMX
$GXOWVDQGODUYDHFRORQL]HWKHOHDYHVWKHYHJHWDWLYHWRSVIORZHUVDQGIUXLWDQGVXFNWKHVDSRXWRIWLVVXHV$VD
UHVXOWRIDQDWWDFNGLVFRORULQJVSRWVDSSHDUZKLFKLQWLPHEHFRPHVLOYHURUEURZQ)ORUDOEXWWRQVWKDWDUHDWWDFNHG
GRQRWRSHQDQ\PRUH/DUJHDWWDFNVOHDGWRUHGXFHGSURGXFWLRQVZLWKORZTXDOLW\WKHGDPDJHVJRLQJXSWRRI
SURGXFWLRQ=HSD&RUDGLQL
7KH&DOLIRUQLDQ WULSV DUH NQRZQ DV DFWLYH YHFWRU LQ WUDQVPLWWLQJ WKH76:9YLUXV WR WRPDWRHV DQG RWKHU VSHFLHV
%URDGEHQWHWDO7KHXVHRIVRPHSUHGDWRUV LQFRPEDWLQJ WKLVSHVW LQSURWHFWHGDUHDV UHGXFHV WKHGHJUHHRI
DWWDFNRQSODQWDQGLQFUHDVHVSURGXFWTXDOLW\Orius laevigatusHemiptera±AnthocoridaeLVDSUHGDWRUWKDWIHHGVZLWK
&DOLIRUQLDQWULSVDGXOWVDQGODUYDHUHGXFLQJLWVSRSXODWLRQVLQYHJHWDEOHDQGIORZHUFXOWXUHIURPSURWHFWHGDUHDV
7KHVSHFLHVAmblyseius swirskii$WKLDV+HQULRW$FDULPhytoseiidaeLVIUHTXHQWO\XVHGWRFRPEDW&DOLIRUQLDQ
WULSV DQG RWKHU VSHFLHV RI SHVWV VSHFLILF WR YHJHWDEOH FXOWXUH LQ SURWHFWHG DUHDV 0HVVHOLQN HW DO  
FXUUHQWO\EHLQJZLGHO\XVHGLQVZHHWSHSSHUFXOWXUHVIURPVRXWKHDVW6SDLQ5HVHDUFKPDGHLQ7XUNH\RQDSHSSHU
FXOWXUH LQKHDWHGDQGQRWKHDWHG WXQQHOVVKRZHG WKDWXVLQJAmblyseius swirskii DGXOWVVTPFRQWUROOHG WKH WULSV
DWWDFNHYHQRQWKHORQJWHUP +DOLO.XWXVLHWDO
5HFHQWO\DOVRLQ5RPDQLDLWZDVFUHDWHGDQRSSRUWXQLW\RQWKHIRRGPDUNHWHVSHFLDOO\YHJHWDEOHPDUNHWE\WKH
GHPDQGIRUKHDOWK\SURGXFWVZKLFKLVZK\PRUHDQGPRUHYHJHWDEOHJURZHUVXVHWKHVHPHWKRGVWRFRPEDWSHVWV,W
FDQ EH QRWLFHG WKH LQWHUHVW IRU ELRORJLFDO SURGXFWV RI WKH RZQHUV RI VPDOO DUHDV IDPLO\ JDUGHQV PHDQW IRU
FRQVXPSWLRQ WKHSURGXFWLRQRQ WKHVHDUHDVEHLQJPDGHE\SURWHFWLQJ WKHHQYLURQPHQWDQGUHGXFLQJWKHH[SHQVHV
ZLWKSODQWSURWHFWLRQSURGXFWV6WRLDQ/
0DWHULDOVDQG0HWKRGV
2.1. Experimental design 
7KHH[SHULPHQWZDVFRQGXFWHGZLWKLQWKHYHJHWDEOHDUHDRI0DWFD*DODWL&RXQW\ LQDVRODUZLWKDFXOWXUHRI
EHOOSHSSHUDQGORQJSHSSHU7KHSUHSDUDWLRQRIWKHVRLOZDVPDGHE\PRELOL]DWLRQRIVRLOIHUWLOL]DWLRQZLWKRUJDQLF
IHUWLOL]HUWKD&RPSOH[NJKDDQGGLVLQIHFWLQJLWZLWK9HUWLPHFDQG'LWKDQH0
7KHELRORJLFDOPDWHULDOXVHGZDVDK\EULGRIHDFKW\SHRISHSSHU5HG1LJKW)IRUEHOOSHSSHUDQG.DSWXU)IRU
ORQJSHSSHU7KHFXOWXUHZDVPDGHZLWKVHHGOLQJVSURGXFHGLQZDUPVRODULXPSURGXFHGDFFRUGLQJWRWKHFODVVLFDO
WHFKQRORJ\ZKLFKDWSODQWLQJKDGRSWLPXPTXDOLW\IHDWXUHVIRUWKLVFXOWXUHV\VWHPUHVSHFWLYHO\KHLJKWRIFP
IRUEHOOSHSSHUDQGFPIRUORQJSHSSHU±OHDYHVDQGIORUDOEXWWRQDWWKHWRSGD\VROGWKLFNVWUDLQ
GLVHDVHDQGSHVWIUHH
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7KHSODQWLQJZDVUHDOL]HGRQVWULSHVRIURZVFPGLVWDQFHEHWZHHQURZVFPEHWZHHQWKHVWULSHVDQG
FPEHWZHHQSODQWVRQDURZ
2.2. Crop management 
6SHFLILFSHSSHUPDLQWHQDQFHZRUNVZHUHDSSOLHGHVSHFLDOO\IHUWLOL]DWLRQDQGLUULJDWLRQ7KHLUULJDWLRQVZDVILUVW
PDGHHDFKGD\VWKHQZLWKWKHJURZWKRIWKHSODQWVDQGLQFUHDVHRIWHPSHUDWXUHGDLO\DPRXQWVRIZDWHUZHUH
DSSOLHG±OZDWHUSODQWXVXDOO\LQWKHPRUQLQJ
3HVWFRQWUROZDVPDGHE\LQWURGXFWLRQVRIQDWXUDOSUHGDWRUV WKHILUVWRQHGD\VVLQFHSODQWLQJ LQRUGHU WR
FRPEDWWKHWULSVZLWK7KULSRUOFRQWDLQLQJLQVHFWVRIOrius laevigatus,LQVHFWVWKHVHFRQGRQHGD\VVLQFHWKH
ILUVWLQWURGXFWLRQSHUIRUPHGZLWK7KULSRUOZLWKLQVHFWVRIOrius laevigatus DQGKDOIERWWOHRI6ZLUVNLPLWHZLWK
 LQVHFWV RI Amblyseius swirskii; WKH ODVW RQH  GD\V VLQFH SODQWLQJ ZLWK 6SLGH[ ZLWK  LQVHFWV RI
Phytoseiulus persimilisWRFRPEDW WKHVSLGHUTetranychus urticae). 7KHSODQWPDQDJHPHQWV\VWHPZDVFRQGXFWLQJ
WKHSODQWVZLWKDQGRIIVKRRWVLQFRQGLWLRQVRIELRORJLFDODQGFKHPLFDOFRPEDWDQGWKHIROORZLQJPHDVXUHPHQWV
ZHUH PDGH SURGXFWLRQ SHU SODQW SURGXFWLRQ SHU VTP SURGXFWLRQ SHU VL]H FDWHJRU\ \LHOG RI XVHIXO IUXLW SDUW
H[SHQVHVZLWKFKHPLFDODQGELRORJLFDOFRPEDW
5HVXOWVDQG'LVFXVVLRQV
3ULPDU\GDWDSURFHVVLQJVKRZHG WKDWGLIIHUHQFHVEHWZHHQK\EULGVSODQWPDQDJHPHQW V\VWHPVDQGSHVWFRPEDW
PHWKRGV ZHUH UHFRUGHG )RU EHOO SHSSHU IRU WKH VDPH SODQW PDQDJHPHQW V\VWHP ELRORJLFDO FRPEDW JDYH D
SURGXFWLRQ\LHOGRILQIDYRURIELRORJLFDOSURWHFWLRQ&RPSDULQJWKHSODQWPDQDJHPHQWV\VWHPVIRUWKHVDPH
SURWHFWLRQPHWKRGDSURGXFWLRQ\LHOGRIZDVQRWLFHGLQIDYRURISODQWPDQDJHPHQWV\VWHPZLWKRIIVKRRWV
WDEOH)RUORQJSHSSHUFRPSDUDWLYHDQDO\VLVRISHVWFRPEDWPHWKRGVVKRZHGWKDWIRUELRORJLFDOSURWHFWLRQWKH
SURGXFWLRQ ZDV VOLJKWO\ KLJKHU  )RU WKH VDPH SHVW FRPEDW PHWKRG SODQW PDQDJHPHQW V\VWHP JDYH D
SURGXFWLRQ\LHOGRI
3HSSHUSURGXFWLRQSHUVTPZDVGLIIHUHQWEHWZHHQEHOODQGORQJSHSSHUPDQDJHGZLWKDQGRIIVKRRWVEHWZHHQ
ELRORJLFDODQGFKHPLFDOFRPEDW

7DEOH3URGXFWLRQVREWDLQHGSHUSODQWIRUEHOODQGORQJSHSSHU
%HOOSHSSHU
&KHPLFDOFRPEDW %LRORJLFDOFRPEDW
3URGXFWLRQSHUSODQW
V\VWHPZLWKRIIVKRRWV
3URGXFWLRQSHUSODQW
V\VWHPZLWKRIIVKRRWV
3URGXFWLRQSHUSODQW
V\VWHPZLWKRIIVKRRWV
NJ NJ NJ
/RQJSHSSHU
NJ NJ NJ

7KXVLWZDVQRWLFHGWKDWIRUEHOOSHSSHUWKHSURGXFWLRQVOLJKWO\LQFUHDVHGIURPNJVTPIRUFKHPLFDOFRPEDW
WRNJVTPIRUELRORJLFDOFRPEDWWKHSODQWVEHLQJPDQDJHGZLWKRIIVKRRWV
,QFDVHRIELRORJLFDOFRPEDWZLWKRURIIVKRRWVDKLJKHUSURGXFWLRQRINJVTPZDVREWDLQHGIRUSODQWV
ZLWKRIIVKRRWVFRPSDUHGWRNJVTPREWDLQHGIRUSODQWVZLWKRIIVKRRWV
)RUORQJSHSSHUWKHLQIOXHQFHRISHVWFRPEDWPHWKRGZDVZHDNEXWLQIDYRXURIELRORJLFDOFRPEDW3ODQWVZLWK
RIIVKRRWVSURGXFHGOHVVZLWKWKDQSODQWVZLWKRIIVKRRWVWDEOH
 
7DEOH3URGXFWLRQSHUVTPIRUEHOODQGORQJSHSSHU
%HOOSHSSHU
&KHPLFDOFRPEDW %LRORJLFDOFRPEDW
3URGXFWLRQSHUVTP
V\VWHPZLWKRIIVKRRWV
3URGXFWLRQSHUVTP
V\VWHPZLWKRIIVKRRWV
3URGXFWLRQSHUVTP
V\VWHPZLWKRIIVKRRWV
NJ NJ NJ
/RQJSHSSHU
NJ NJ NJ

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)UXLW VL]H IRUEHOO SHSSHUZDV LQIOXHQFHGE\SHVW FRPEDWPHWKRG&ODVVLI\LQJ IUXLW DIWHU VL]H VKRZHG DKLJKHU
SHUFHQWDJH  IRU WKH J FDWHJRU\ IROORZHG E\ WKH  J FDWHJRU\$QDO\VLQJZLWKLQ WKH VL]H
FDWHJRU\WKHLQIOXHQFHRISHVWFRPEDWPHWKRGDQGRISODQWPDQDJHPHQWV\VWHPLWZDVREVHUYHGWKDWSODQWVZLWK
RIIVKRRWVELRORJLFDOO\SURWHFWHGKDGEHWWHUUHVXOWVIRUWKHJDQGRYHUJFDWHJRULHVILJXUH

)LJ%HOOSHSSHUSURGXFWLRQSHUVL]HFDWHJRU\

)RUWKHORQJSHSSHUWKHKLJKHVWIUXLWSHUFHQWDJHZDVUHFRUGHGIRUWKHJFDWHJRU\IRUELRORJLFDOFRPEDW
DWSODQWVZLWKRIIVKRRWVHYHQWKRXJKIURPWKHSURGXFWLRQSRLQWRIYLHZLWZDVORZHU)RUWKHFDWHJRU\RYHU
 J EHWWHU UHVXOWVZHUH REWDLQHG IRU ELRORJLFDO FRPEDW DW SODQWVZLWK  RIIVKRRWV  FRPSDUHG WR 
REWDLQHGIRUWKHRWKHUV\VWHPVZLWKLQWKHVDPHVL]HFODVVILJ

)LJ/RQJSHSSHUSURGXFWLRQVSHUVL]HFDWHJRU\

8VHIXO SXOS \LHOGZDV  IRU ERWK SHSSHU YDULHWLHVZLWKRXW UHFRUGLQJ GLIIHUHQFHV EHWZHHQ SHVW FRPEDW
YDULDQWV7KHFRVWZLWKSHVWFRPEDWZDVKLJKHUIRUWKHFKHPLFDOFRPEDWOHLVTPUHVSHFWLYHO\OHLVTP
FRPSDUHGWROHLVTPUHVSHFWLYHO\OHLVTPIRUELRORJLFDOFRPEDW
3HSSHU LV D VSHFLHV DWWDFNHG E\ SHVWV HVSHFLDOO\ ZLWKLQ SURWHFWHG DUHDV ZKLFK LV ZK\ WKH FRPSOH[LW\ RI
WUHDWPHQWVDQGFRVWVDUHKLJKHUWDEOH
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7DEOH&RVWVZLWKSK\WRVDQLWDU\WUHDWPHQWVIRUVTP
%LRORJLFDOFRPEDW &KHPLFDOFRPEDW
3UHGDWRUV &RVWVOHL 3HVWLFLGV &RVWVOHL
7KULSRUO  9HUWLPHF(& 
6ZLUVNLPLWH  0LOEHNQRFN(& 
6SLGH[  /DVHU6& 
LQVHFWLFLG7HSSHNL  $FWDUD:* 
  &RQILGRU(QHUJ\ 
  1RYDGLP3URJUHVV 
  7RSVLQ$/38 
  5RYUDO6& 
  'LWKDQH0 
  %UDYR6& 
  $UPHWLO&REUH 
  7HOGRU6& 
  2UWLYD6& 
7RWDO  7RWDO 

$QDO\VLQJWKHSURILWREWDLQHGDVDUHVXOWRIDSSO\LQJELRORJLFDOFRPEDWZLWKQDWXUDOSUHGDWRUVDQGPDQDJLQJWKH
SHSSHUSODQWVZLWKDQGRIIVKRRWVLWZDVREVHUYHGWKDWWKHPRVWHIILFLHQWZDVWKHEHOOSHSSHUZLWKDSURILWRI
OHLSODQWIRURIIVKRRWPDQDJHPHQWDQGELRORJLFDOFRPEDW
)RU WKHORQJSHSSHU WKHPD[LPXPSURILWZDVIRURIIVKRRWPDQDJHPHQWDQGELRORJLFDOFRPEDWOHLSODQW
WDEOH

7DEOH&RVWVDQGUHYHQXHVSHUSODQWIRUEHOODQGORQJSHSSHU
&RVWV
SODQW
OHL
%HOOSHSSHU
&KHPLFDOFRPEDW
RIIVKRRWV
%LRORJLFDOFRPEDW
RIIVKRRWV
%LRORJLFDOFRPEDW
RIIVKRRWV
5HYHQXHSO
OHL
3URILWSO
OHL 5HYHQXHSOOHL
3URILWSO
OHL 5HYHQXHSOOHL
3URILWSO
OHL

     
/RQJSHSSHU
     
&RQFOXVLRQV
)URPWKLVH[SHULPHQWUHJDUGLQJWKHLQIOXHQFHRISHVWFRPEDWPHWKRGDQGSODQWPDQDJHPHQWV\VWHPZLWKDQG
RIIVKRRWVLQFDVHRIEHOODQGORQJSHSSHUWKHIROORZLQJFRQFOXVLRQVFDQEHGUDZQ
x 7KH LQFUHDVH LQ IUXLW SURGXFWLRQ SHU VTP IRU ELRORJLFDO FRPEDWZDV KLJKHU IRU EHOO SHSSHU SODQWVZLWK 
RIIVKRRWVDQGIRUORQJSHSSHUSODQWVZLWKRIIVKRRWV
x 7KH LQFUHDVH LQ IUXLW SURGXFWLRQ SHU SODQW IRU ORQJ SHSSHUZDV KLJKHU IRU ELRORJLFDO FRPEDW FRPSDUHG WR
FKHPLFDOFRPEDWIRUSODQWVZLWKRIIVKRRWV
x /RQJ SHSSHU LV PRUH VXLWDEOH IRU PDQDJLQJ ZLWK  RIIVKRRWV ZKLOH EHOO SHSSHU IRU  RIIVKRRWV ERWK LQ
ELRORJLFDOFRPEDWFRQGLWLRQV
x 7KHLQFUHDVHLQIUXLWSHUFHQWDJHIRUWKHODUJHVWFDWHJRU\ZDVUHFRUGHGIRUELRORJLFDOFRPEDWIRUERWKYDULHWLHV
RISHSSHUZLWKYDOXHVRIIRUEHOOSHSSHUDQGIRUORQJSHSSHU
x 7KHSURILWZDVKLJKHUIRUERWKYDULHWLHVIRUELRORJLFDOFRPEDWFRPSDUHGWRFKHPLFDOFRPEDWPHWKRG
5HIHUHQFHV
$OOHQ:5%URDGEHQW$%7UDQVPLVVLRQRIWRPDWRVSRWWHGZLOWYLUXVLQ2QWDULRJUHHQKRXVHVE\WKHZHVUHUQIORZHUWKULSVFrankliniella 
occidentalis3HUJ&DQDGLDQMRXUQDORI3ODQW3DWKRO
&RVV5RPHUR03HĖD-(5HODWLRQVKLSRIEURDGPLWH$FDULTarsonemidaeWRKRVWSKHQRORJ\DQGLQMXU\OHYHOVLQCapsicum annuum
)OD(QWRPROS±
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'REULQ,(QWRPRORJLH(G$/3+$0'0%X]DX
)DWX$&'LQX00&LRUQHL&$QGUHL$0%LRORJLFDOFRQWURORIMelolontha melolontha/ODUYDHZLWKHQWRPRSDWKRJHQLFELRLQVHFWLFLGH
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Frankliniella occidentalis
ZLWKAmblyseius swirskii RQ JUHHQKRXVH SHSSHU LQ KHDWHG DQG XQKHDWHG SODVWLF WXQQHOV LQ WKH0HGLWHUUDQHDQ UHJLRQ RI 7XUNH\  $IULFDQ
-RXUQDORI$JULFXOWXUDO5HVHDUFK9ROSJ
+R]D*K/HJXPLFXOWXUDJHQHUDOD(G(OLVDYDURV%XFXUHVWLSJ
-RYLFLFK(&DQWOLIIH'-2VERUQH/66WRIIHOOD3-6LPRQQH(+5HOHDVHRINeoseiulus californicus RQSHSSHUWUDQVSODQWVWRSURWHFW
JUHHQKRXVHJURZQFURSVIURPHDUO\EURDGPLWHPolyphagotarsonemus latusLQIHVWDWLRQV,Q0DVRQ3*'DYLG5HGLWRUV3URFHHGLQJVRIWKH
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&KULVWFKXUFK
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